ABSTRACT Disparities in teen pregnancy rates are explained by different rates of sexual activity and contraceptive use. Identifying other components of risk such as race/ ethnicity and neighborhood can inform strategies for teen pregnancy prevention. Data from the 2005 and 2007 New York City Youth Risk Behavior Surveys were used to model demographic differences in odds of recent sexual activity and birth control use among black, white, and Hispanic public high school girls. Overall pregnancy risk was calculated using pregnancy risk index (PRI) methodology, which estimates probability of pregnancy based on current sexual activity and birth control method at last intercourse. Factors of race/ethnicity, grade level, age, borough, and school neighborhood were assessed. Whites reported lower rates of current sexual activity (23.4%) than blacks (35.4%) or Hispanics (32.7%), and had lower predicted pregnancy risk (PRI= 5.4% vs. 9.0% and 10.5%, respectively). Among sexually active females, hormonal contraception use rates were low in all groups (11.6% among whites, 7.8% among blacks, and 7.5% among Hispanics). Compared to white teens, much of the difference in PRI was attributable to poorer contraceptive use (19% among blacks and 50% among Hispanics). Significant differences in contraceptive use were also observed by school neighborhood after adjusting for age group and race/ethnicity. Interventions to reduce teen pregnancy among diverse populations should include messages promoting delayed sexual activity, condom use and use of highly effective birth control methods. Access to long-acting contraceptive methods must be expanded for all sexually active high school students.
In NYC, the highest rates of teen pregnancy are reported in three neighborhoods with a disproportionate burden of poverty and poor health, East and Central Harlem (in Manhattan) (133/1,000), North and Central Brooklyn (BedfordStuyvesant and Bushwick) (129/1,000), and the South Bronx (133/1,000).
1 Poverty rates, as indicated by the 2000 US Census and NYC Department of City Planning, are similarly elevated in East and Central Harlem (37%) and North and Central Brooklyn (34%) compared with NYC overall (21%), as are the proportions of adults who did not graduate from high school (about 40% in the target neighborhoods vs. 29% citywide). The South Bronx target area has a poverty rate of more than 40%, and half of its adult residents did not graduate from high school. 4 Prior research demonstrates that the rate of contraceptive use tends to be lower in more disadvantaged neighborhoods. 5 Public high school teens in these NYC target areas are more likely to be sexually active than their peers in the rest of the city and the females are less likely to report contraceptive use. 4 The relative contribution of sexual activity and contraceptive use to pregnancy risk among NYC teens is not known. We initially applied pregnancy risk index (PRI) methodology to decompose the risk of pregnancy into these two behavioral components. [6] [7] [8] We apply the PRI here to estimate population-based differences in the components of pregnancy risk (i.e., sexual activity and contraceptive efficacy) by race/ethnicity and other selected demographic subgroups within an urban environment.
METHODOLOGY Data Collection Instrument
The NYC Youth Risk Behavior Survey (YRBS) is implemented by the New York City Department of Health and Mental Hygiene (DOHMH) and the Department of Education (DOE) in conjunction with the Centers for Disease Control and Prevention (CDC). The survey has been conducted biennially since 1997 to monitor health risk behaviors that contribute to the leading causes of mortality, morbidity, and social problems among youth in New York City. Beginning in 2005, the survey was designed to provide representative data on students who attend public school in the three neighborhoods in which the DOHMH focuses its efforts to reduce health disparities through District Public Health Offices in the South Bronx, East and Central Harlem, and North and Central Brooklyn.
Note that students may not reside within the neighborhood in which they attend school. The 2007 YRBS introduced a question on borough of residence. With the exception of Manhattan, most survey participants (87% or greater) reported that they lived in the same borough where they attended school. Overall, only 49% of Manhattan students lived in Manhattan and 69% of students in the East and Central Harlem target area lived in Manhattan. Detailed information on sampling, response weights, and weighting are published elsewhere. 9, 10 A total of 8,140 students in 87 public high schools completed the survey in 2005, and 9,080 students in 87 public high schools completed it in 2007.
9,11 Special Education and English as a Second Language classes were excluded from the survey. Participating students completed a self-administered, anonymous, 99-item questionnaire that measured risk behaviors including tobacco, alcohol and drug use, unintentional injury and violence, sexual activity, diet, and physical activity. Study methods followed CDC guidelines for all state and federal YRBS surveys and are approved by the DOHMH and DOE Institutional Review Boards (IRB). 9 Use of the data for this analysis was also approved by the Columbia University Medical Center IRB.
Study Population
This study combines data from the 2005 and 2007 NYC YRBS to gain sufficient sample size to enable small area estimates and multivariable modeling. We compared the 2005 and 2007 data sets and found no significant variation in patterns of sexual behavior or contraceptive use. We restricted our study sample (N=7,435) to nonHispanic black, Hispanic, and non-Hispanic white teen girls in grades 9 through 12, excluding students with missing data on age (N=7). Participants without complete responses on the sexual behavior module [ever had sex, current sexual activity (among those who had ever had sex), use of condom at last sex, or use of other birth control at last sex] were excluded, resulting in a final sample size of 6,608. Response rates on the sexual behavior module among the sample varied significantly by race/ ethnicity (92.8% of whites had complete data vs. 89.3% of Hispanics and 85.7% of blacks; chi square=0.455, p=0.001), but not by survey year (88.6% in 2005 and 87.8% in 2007; chi square=7.492, p=0.500).
Measures
Sexual activity and contraception. Contraceptive use at last intercourse was defined only for girls who reported that they were currently sexually active (i.e., had sexual intercourse with one or more people during the past 3 months), thus reducing potential error due to poor recall. 8, 9 The NYC YRBS includes separate questions for condom use (used a condom during last sexual intercourse) and main birth control use at last intercourse [condom, pill, Depo-Provera (injectable birth control), withdrawal, other, no method, not sure].
11 Due to limited sample size for some individual methods of contraception, we created a four-level birth control outcome (condom/no hormonal method, withdrawal/other method, any hormonal method, and no method/not sure) to obtain prevalence estimates of birth control type by demographic subgroup.
We assigned a contraceptive failure rate (CFR) to each of 10 possible combinations of reported birth control methods based on published "typical use CFRs" from a national sample. In contrast to "perfect use" failure rates, typical use CFRs are estimated based on the percentage of average couples who experience an accidental pregnancy during the first year of initiating a method (not necessarily for the first time) if they do not stop using that method for any other reason: no method (85.0%), not sure (85.0%), withdrawal only (18.4%), condom only (17.4%), birth control pill only (8.7%), Depo-Provera/shot only (6.7%), all methods including other methods (12.4%), condom with other method (2.2%), birth control pill and condom (1.5%), condom and Depo-Provera/shot only (1.2%), and condom and withdrawal (3.2%). [12] [13] [14] Failure rates for dual method use at last intercourse (pill and condom or injection and condom) were estimated by multiplying the methodspecific failure rates for the two methods used.
Risk indices. The CRI is a composite measure using behavioral data (i.e., prevalence of contraceptive methods used by a population group) combined with CFRs of specific contraceptive methods. The CRI summarizes the pregnancy risk for the sexually active proportion of the population by summing the product of each method-specific failure rate and the proportion of sexually active female adolescents using that method at last intercourse. 15 In these calculations, non-use of contraception is considered a "method" with a specific risk of pregnancy. Thus, CRI ¼ P % of sexually active females using method x* CFR for method x ð Þ , where x=each specific method. 15 The PRI is the product of two components: the percentage of the population currently sexually active and the contraceptive risk index (CRI). The PRI method has been validated using national Youth Risk Behavior Surveillance System (YRBSS) and vital statistics data to assess the source of declining pregnancy rates over time. Validation studies of the national YRBSS show no differences in item response bias by race/ethnicity on sexual behavior questions. Methodological issues associated with the PRI and CRI are more fully discussed elsewhere. 6, 8, 15 We present actual NYC teen pregnancy rates for 2007 that were calculated using counts of births and terminations (induced or spontaneous) based on certificates filed with the DOHMH.
1 Only pregnancies among NYC resident teens ages 15-19 that occurred in NYC are included. The population denominator for actual pregnancy rates is the initial unchallenged US Census estimate for 2007.
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Analysis
We first assessed demographic differences in the percentage of girls reporting recent sexual activity and their use of specific birth control methods. We used logistic regression to model odds of recent sexual activity and a generalized multinomial logit model to estimate odds of using condoms only, any hormonal method, or withdrawal/other method vs. no birth control/not sure at last sex. All multivariable models adjusted for race/ethnicity, grade level, and school neighborhood. Because NYC neighborhoods tend to vary by socioeconomic status (SES), school neighborhood was selected as a proxy for community-level SES. Information on components of SES, such as students' household income, or education and employment status of their parent(s)/guardian(s), were not collected on the survey. To reduce multicollinearity in the multivariable models, we constructed an eight-level combined school borough-neighborhood variable. The geographic reference group for the eight-level variable is the South Bronx, as its pregnancy rates and poverty rate are consistently higher than those of other NYC counties and neighborhoods. We excluded age group from the multivariable models, since it was not significantly associated with the outcomes after controlling for grade level. Because of limited racial/ethnic variation within borough and neighborhood, we were not able to introduce interaction terms into any of the models.
We estimated CRI and PRI by race/ethnicity, grade level, age, borough, and neighborhood. Also, t tests were used to test for significance of between-group differences at the 0.05 level. Next, we decomposed the overall PRI into its component parts (sexual activity and contraceptive use) for demographic subgroups defined by age, grade, race/ethnicity, and school neighborhood. The between-group percentage of the difference between pregnancy risk due to lower rates of sexual activity (SA) was calculated as:
Similarly, the percentage of the difference in pregnancy risk due to more effective contraceptive use was calculated as:
We fit multivariable linear models to obtain adjusted parameter estimates for the associations between race/ethnicity and PRI/CRI, controlling for grade level and neighborhood.
All statistical analyses were conducted using SUDAAN software, which corrected for the clustering inherent in complex survey designs. 16 All analyses were nested on survey year, school, and classroom. Standard errors and 95% confidence intervals were calculated using a first-order Taylor series. 16 Relative standard errors (RSE) were calculated for means and percentages. Estimates with RSEs 930% are noted as unreliable. Multivariable models were estimated using the LOGISTIC, MULTILOG, and REGRESS procedures. 17 
RESULTS
Approximately one third of the total sample of public high school girls reported having had sex in the 3 months prior to the survey (32.6%). The percentage of teen girls who reported current sexual activity varied significantly (pG0.05) by race/ ethnicity, age, and grade level (Table 1) . Black students were most likely to be currently sexually active (35.4%), followed by Hispanics (32.7%) and whites (23.4%). The proportion of students who were currently sexually active increased with age and grade level. They were highest among female students aged 18 and up (59.6%) and 12th graders (48.3%), and lowest among students under age 15 (16.8%) and 9th graders (22.4%). Students in North and Central Brooklyn reported higher rates of current sexual activity than those in the South Bronx (reference group) (40.4% vs. 32.8%).
Self-reported contraceptive use varied significantly by race/ethnicity, grade level, and school neighborhood ( Table 2) . Compared with whites, Hispanics were more likely to report using no method or "not sure" (23.0% vs. 10.7%) the last time they had sex. Use of hormonal contraception was low in all groups of sexually active females (11.6% among whites, 7.8% among blacks, and 7.5% among Hispanics). Ninth (67.4%) and 10th (67.4%) graders were more likely to report condom use than 12th graders (55.3%), but less likely to report withdrawal/other method. Almost 18% of 12th-grade females reported using "withdrawal" or "some other method," compared with 9.5% of 9th graders and 6.1% of 10th graders.
Sexually active female students in the South Bronx (25.5%) were more likely to report using no birth control the last time they had sex than students who attended school in the rest of the Bronx (14.6%), East and Central Harlem (13.8%), Brooklyn [excluding the Bedford-Stuyvesant (North Brooklyn) and Bushwick (Central Brooklyn) target neighborhood] (18.2%), and Staten Island (12.4%). South Bronx female students were less likely to report condom use (54.5%) than students in the rest of the Bronx (74.2%), East and Central Harlem (66.2%), and Staten Island (63.6%) ( Table 2 ). Few students citywide reported using a hormonal method (8.0%); this rate was higher in the South Bronx (10.9%) than in the rest of the Bronx (4.9%) and Queens (5.1%).
The multinomial regression model estimated odds of reporting each of three types of birth control versus no method/not sure, adjusting for race/ethnicity, grade level, and school neighborhood. Both race/ethnicity and school neighborhood were significantly associated with birth control method (Table 3) . Compared with whites, sexually active Hispanic female students were less likely to report use of condoms (adjusted odds ratio, 0.4), any hormonal method (0.3), or withdrawal/other methods (0.5). Significant school neighborhood differences were observed in odds of condom use. East and Central Harlem female students were significantly more likely to report condom use than girls who attended school in the South Bronx (adjusted odds ratio, 2.0), as were girls in the rest of the Bronx (2.2) and Staten Island (1.8).
The CRI, which represents the predicted annual number of pregnancies per 100 sexually active public high school females, varied significantly by race/ethnicity and school neighborhood (Table 4) . Hispanics (32.1) had a significantly higher CRI than whites (23.1), suggesting that sexually active Hispanic girls used less effective contraception overall than whites. Teens attending school in the South Bronx had a significantly higher CRI (32.7) than the rest of the Bronx (26.5), East and Central Harlem (25.1), Brooklyn (excluding the Bedford-Stuyvesant and Bushwick target neighborhood) (26.8), and Staten Island (24.8). CRI did not differ significantly by age or grade level. In the multivariable model including grade level, race/ethnicity, and school neighborhood, Hispanics still had a significantly higher CRI than whites (beta, 8.98, p G 0.001; results not shown), and the South Bronx school neighborhood still had a significantly higher CRI than the rest of the Bronx (beta, −5.60, p=0.025) and East/Central Harlem (−6.39, p = 0.008; data not shown).
The PRI, which represents the predicted annual number of pregnancies per 100 public high school females, varied significantly by race/ethnicity, school neighborhood, age, and grade level ( Table 4 ). The highest PRI score was observed among Hispanics (10.5), followed by blacks (9.0) and whites (5.4). Fifty percent of the difference in PRI between Hispanic and white teens and 19% of the difference in PRI between black and white teens were attributable to less effective contraception. Differences in PRI were also observed by school neighborhood. PRI was significantly lower in Staten Island (7. 3) than in the South Bronx (10.7). Seventy four percent of this neighborhood difference was attributable to more effective contraceptive use. Virtually all the observed difference in PRI by age and grade level was attributable to higher rates of self-reported sexual activity. Unlike CRI, overall PRI did not vary by school neighborhood after adjusting for grade and race/ethnicity. In the multivariable model Hispanics (beta, 4.67, pG0.001) and blacks (3.13, pG0.007) had a higher predicted PRI than whites (results not shown). PRI also increased significantly by grade level: 12th-grade girls had significantly higher PRI than girls in the 9th grade (beta, −8.09, pG0.001), 10th grade (−4.39, p=0.002), and 11th grade (−3.22, p=0.033). Figure 1 displays the 2007 NYC resident teen pregnancy rates for white, black, and Hispanic teen girls compared with our YRBS-based estimates of PRI and its components, recent sexual activity and CRI. The estimated PRI for Hispanic public high school girls (105/1,000; 95% CI=92-118/1,000) was similar to the actual pregnancy rate for NYC Hispanic teens (114/1,000). The estimated PRI for blacks was somewhat lower than the actual pregnancy rate (90/1,000; 95% CI=74-106/ 1,000 versus 122/1,000), while the estimated PRI for whites was more than twice as high as the actual pregnancy rate (54/1,000; 95% CI=39-69/1,000 versus 21/1,000).
Whites had significantly lower rates of self-reported current sexual activity and PRI, as well as actual pregnancy rates, compared with blacks and Hispanics. CRI among sexually active Hispanic teen girls, based on self-reported contraceptive use at last intercourse, was markedly higher than among blacks, while both PRI and actual pregnancy rates were similar between these two groups. This pattern further suggests that elevated rates of teen pregnancy among Hispanics compared with rates in whites are attributable to poorer contraceptive use.
DISCUSSION
Our analysis demonstrates independent racial/ethnic and school neighborhood variation in the components of pregnancy risk among NYC public high school students. Both race/ethnicity and school neighborhood were significantly associated with differences in contraceptive use. Black and Hispanic females had greater overall pregnancy risk (PRI) compared with whites. The difference in PRI between blacks and whites was mainly attributable to higher rates of sexual activity, while the difference between Hispanics and whites was mainly attributable to less contraceptive use among sexually active girls. Our multivariable analyses showed that attending school in the South Bronx, a predominantly Hispanic neighborhood characterized by high rates of poverty, was significantly associated with increased contraceptive risk (CRI), after controlling for race/ethnicity. This suggests that the observed neighborhood disparity in teen pregnancy rates is not entirely attributable to the high concentration of Hispanic teen girls. As our neighborhood context and race/ethnicity variables are highly correlated, we could not statistically model interactions between race/ethnicity and school neighborhood. Nevertheless, the associations we observed in our multivariable models offer evidence that both race/ethnicity and school neighborhood independently influence the risk of pregnancy. There is a growing body of literature suggesting that when teens live in poor communities with less advantage and opportunity and more disorganization, they are more likely to engage in sex at an earlier age and to become pregnant. 18 This finding is supported by data from the National Longitudinal Study of Adolescent Health that indicated neighborhood context as a significant factor in differences in rates of sexual initiation, after controlling for family income, parental education, race/ ethnicity, age, and family structure. 19 Qualitative studies within financially depressed neighborhoods have linked teens' decisions not to use contraception to feelings of hopelessness or perceived lack of personal opportunity for the future. 20, 21 This research is consistent with our finding of increased pregnancy risk within high need neighborhoods, after controlling for race/ethnicity.
Racial/ethnic differences in expectations and motivations to have sex have been observed as early as middle school. A study of students in the Bronx showed that Hispanic 6th, 7th, and 8th graders felt more strongly than blacks that it is best to wait until marriage to have sex, and fewer black students than Hispanics believed that having sex would result in a "bad reputation." 22 A study of Baltimore teens found that preventing pregnancy was the driving force for contraceptive use among white teens, while Mexican-American and African-American teens described motivation to use condoms as protection against an STD, particularly HIV/AIDS. 23 If teen girls are not specifically motivated to prevent a pregnancy, use of condoms may lapse when there is no perceived risk of contracting an STI.
LIMITATIONS
Our study has a number of limitations. First, the YRBS includes only a limited number of sexual activity and contraceptive questions. Therefore, the difference in pregnancy risk between blacks and whites and between Hispanics and whites may be due in part to unmeasured differences in frequency of sexual activity or consistency of contraceptive use. If these factors vary systematically across risk groups, then CRI estimates could be biased. For example, if one group has sex less frequently than another, its CRI would be overestimated relative to groups that have sex more frequently. Their proportion of pregnancy risk attributable to contraceptive failure would similarly be overestimated.
A second limitation, also related to the data collected on the YRBS, is that our use of school neighborhood as a proxy for home residence is imperfect. Students may choose to attend magnet schools or other specialized high schools outside their home neighborhood. As described above, students attending sampled schools in Manhattan were more likely than other students to reside in another borough. Misclassification of neighborhood residence potentially reduced our ability to detect associations between neighborhood and pregnancy risk, but significant associations were observed nonetheless.
A third limitation is that the findings are generalizable only to NYC public school students and not all NYC teens. Unlike some other localities, the NYC YRBS does not survey private schools. Students who have dropped out are, by definition, not in the survey, and students with poor attendance are less likely to be in the sample. We noted that there is more than a fivefold difference in actual pregnancy rates among white versus black and Hispanic NYC teens, while the PRI for white public high school students was half that of blacks and Hispanics. Race/ethnic disparities in school enrollment among NYC teens suggest that the pregnancy risk indices presented here are less representative of white NYC teens overall than of black and Hispanic teens. According to 2007 US Census estimates, only 50% of NYC whites ages 15-19 were enrolled in public school, compared to 74% of Hispanics and 75% of blacks. 24 In 2007, white NYC teens ages 15-19 were more likely to be enrolled in private schools (40%) than blacks (11%) and Hispanics (10%) and less likely to be out of school (10% of whites vs. 15% of blacks and 16% of Hispanics). 24 While the exclusion of private school, special education, and out-ofschool students from the YRBS survey limits its generalizability, we know of no single population-level dataset that includes data on behavioral risk for both inschool and out-of-school teens. A separate survey with an appropriate methodology for reaching out-of-school teens would be needed to complement YRBS.
Despite these limitations, the YRBS is a unique source of data for obtaining population-based estimates of pregnancy risk at the local level. While the National Survey of Family Growth provides a more detailed picture of teen sexual activity over a 12-month period, these data are not representative at the state or local level and cannot be used to assess neighborhood-level differences.
CONCLUSIONS
Rates of hormonal contraception were low across all three racial/ethnic groups, and access to the pill and other long-acting methods of contraception must be expanded for all sexually active students. Significant differences in current sexual activity and contraceptive use across racial/ethnic and neighborhoods call for multifaceted approaches to teen pregnancy prevention. For example, compared with white students, Hispanic teens in NYC appear to be at greater risk of pregnancy because of less effective contraceptive use. Hispanic teen girls and girls who attended school in the South Bronx (a predominantly Hispanic, high-poverty neighborhood) were less likely to use condoms or other methods of contraception than other sexually active teens.
Due to its diversity, New York City is uniquely suited to this analysis of variation in pregnancy risk across racial/ethnic groups and within geographic areas with high concentrations of poverty. The PRI methodology, in conjunction with local YRBS data, may be useful to other localities to identify differences in the components of pregnancy risk between racial/ethnic groups and neighborhoods, and thereby help drive teen pregnancy prevention activities.
